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(54) Titte: MEDICAL DEVICE HAVING A BIOCOMPATIBLE COATING AND OXIDATION METHOD OF COUPLING THEREFOR 
(57) Abstract 

This invention as a medical device for implantation in the 
tissue of a human body having a biocompatible coating thereon 
comprising a foreign body (11) formed of a material which is 
substantially biocompatible with the tissue of the human body. The 
foreign body (11) has a surface (16) adapted to come in contact 
with the tissue of the human body and is capable of being oxidized. 
The coating includes an organic linker (26) which is carried on the 
surface (16) and forms an oxidative coupling with the surface (16). 
A bioactive agent (32) is bonded to the organic linker (26) by a 
chemical reaction or photochemical function. 
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MEDICAL DEVICE HAVING A BIOCOMPATIBLE COATING AND 
OXIDATION METHOD OF COUPLING THEREFOR 

This invention relates to a medical device having a 
biocompatible coating and oxidation method of coupling 
therefor and particularly for medical devices made of metal 
and plastic. 

Heretofore it has been found difficult to bind a 
bioactive molecule such as : a peptide or a protein directly 
to the metal forming the medical device. One approach is to 
use a coating or a primer which when activated facilitates 
attachment of the bioactive molecule. Such primers have 
typically been in the form of polyurethane coatings or poly 
lactic acid or polyimide coatings. Such . approaches have not 
been particularly satisfactory for several reasons/ Bonding 
between the metal 'aftdV fch^ very strong and 

there f ore , there is ,ft : „ ten^e^cy r f pr> the . bioactive agent to 
flake off. The primer itself is formed of a material which 
may be less biocompatible than the metal device which has 
been implanted. There is therefore need for a medical 
device having a biocompatible coating which overcomes these 
problems and a method for accomplishing the same. 

In general; it is an object of - the • present invention to 
provide a medical device ^havirigvr a biocompatible coating 
thereon and an oxidation method -of coupling therefor. 
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Another object of the invention is to provide a medical 
device and method of the above character in which the linker 
or base 1 for the biocompatible coating is biocompatible. ■ 

Another object of the invention is to provide a device 
and method of the above character which utilizes the^ 
oxidation characteristics of tKe metal used in the medical 
device to cbvalehtly attach ah organic ^linker to f orm an 
organic coupler. : -""' r - 1 - ;o ~ ; 

Another object of the invent ibri i: is *£o provide a device 
and method of the above character >° in which the organic 
coupler is Utilized for attaching the Bioactive molecule in 
the form of a peptide or a protein. 

Another object of the invent iblnT is to provide a device 
and method of the labove character iii : which the biocompatible 
coating can be rapidly and ineXpensiviely applied 1 . 

Another object of the invention ,:: is ; to -provide a medical 
device and method of the above character including implants 
formed of metal and of plastic. 1 ' ,;.cc 

Additional objects and -features ' of the invention will 
appear from the following descriptibri in which the preferred 
embodiments are set fbrtii in detail ±n connection with the 
accompanying drawings. ' ^ - ty: 

Figure i is ah isoirtetric vi^W ^of ^ ;i d<Bntal post in which 
the base cartie^ s inter ed°titan^ff globules. - 

FigurS 2* is c a cross-sect ibM^"^^ line 
2-2 of Figure 0 ! showing the 'dental? pbst ter it has been 
treated iii accordance 7 with the present inviention to provide 
a biocompatible coating "on the flittered titanium globules 

F i giir e 3 is a photograph ' : 1 1 a ken * with ah e 1 ec tr on 
microscope showing the girowtfi of ceils* on the base of the 
dental post after the "base of th<£ dental post has been 
treated in the method of the ^present invent ibn; v - 
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s:Figure 4 is another photograph t^ken_ with an electrpn 
microscope of the outer surf aqe - of tlie base shown in Figure? . 
3 showing the manner in .which human osteoblast cells have 
proliferated on, the globular .surfaces of the globules 
carried by the base of the dental post. 

Figure 5„ is a f I9V cdiajrt showing the principal steps in 
the method of the present invention for coaling metals. 

Figure 6 is an isometric view of an expandable stent 
which . ^has. -a, - bdqcc^e^^ thereon applied, ,, in 

accordance with tfehe* present, invention. 

gigiire 1 is ? a* crp^s-s^ctipnal view takep. along : the line 
7-7 of Figure 6. a , : ' r t 

Figure 8 is >a T cross-^ec^ionaj vitew of a breast .implant 
in which c ^ ^biocoropatib Je^ cofftiiig has been , applied in 
accordance with the. pref^ . ,. t - 

Figure 9 -is , a -ccQs%-seg^ion.^l, view taKen along the line 
9-9 of Figure 8. ; r .jo. j; ^(.; 

In general, the medical device is for .implantation in 
tissue of the human body^ ^nd, has a biocompatible coating 
thereon, comprised ; : of f a; foreign .. . body ... formed of a material 
which is substantially tI bipqQ|apatible; with the tissue of the 
human body. The foreign body has a surface adapted to come 

into -contact t with^ the ^t^s^^v^v^^- bo ^^; The ^ ur " face 
of the foreign body u ;i<^> q^j^^lj^ ^ of ; ^ being, oxidized- An 
organic ^coupling agejitr- is,- cj^r^d , Ph. .t^ - sur f ^ace and forms 
an oxidative coupling ^fth . tl>|. surface . -?Tbe " co Wli, , ?9; agent 
also carries , a reactive> groV4R? > A> fe>ioactiy ; e . ag^nt is ; . bonded 
to Xhe organic coupling agent by^ a chemical reaction. 

In general, ■ th^ method is for coupling a bioactive 
agent to a medical deyicef. ^ implantable 9s, a foreign body in 
the tissue of the human b^dy • ..The ^edical device is formed 
of a material whicjk is ; , s^te with the 

tissue of the human body' and has an oxidizable surface 
coming into contact with the tissue of the human body. The 
method comprises the steps of removing any oxide present on 
the surface of the foreign body. Air or oxygen is then 
prevented from coming into contact with the surface of the 
body. An organic coupling agent is placed in contact with 
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the surface to form ati oxidative 1 coupling with the surface 
of the foreign body. A bibactive agent is attached to the j 
surface of the foreign body by reaction with the organic 
coupling agent. 

More in particular , an example of a medical device 
incorporating the present ihventibn as* shown in Figures 1 
and 2 and as shown therein is in the form of a dental post 
11 which is provided with a cylindrical base 12 and a 
centrally disposed upstanding pdst /;J 13fV The dental post 11 
is formed of a suitable biocompatible material such as 
titanium 7 . the base ii2 can ^hiave ^4"^ suitable -size as for 
example a diameter of 1 to 2°miiHweter i S' ahd f a height of 2 
to 3 millimeters whereas the post 13 can have a diamefter 
rangingr f rom . 5 to l millimeter arid "a height ringing ftfom 5 
to 10 millimeters, 'The deht^l x |)ost thus far described is 
conventional and is util\ize<y r f oi^^fmi>lant:atibh ' in the human 
jaw. Typically, the tooth is drilled to rebeive the 
cylindrical base 12 with the dental ^ost 11 being utilized 
for supporting a false tooth- Which has been removed from the 
patient's mouth. In accordance ^ith the present invention, 
it is desirable to coat ttie : °cy i ffi&r base ~I>2 with a 

biocompatible coating sb as tb ^^jp^biibte ' : bone tissue growth 
oritb the cylindrical base : 1^ ; tb thereby firmly 'secure the 
cylindrical bise within the" ^jsiw 'of the patient. The 
cylindrical base 12 is 1 provi^a 'vith 'a cylindrical surface 
16 which has sintered tltani\m K microspheres - or globules 
adhered to the surface in a conventional commercial process. 
The microspheres can have a suitable dimeter as for example 
1/2 of a millimeter arid lesi. feescribed in another way, 
they can have a size of approximately one-half the size of 
a conventional pin* head. : The&e microspheres 17 have' been 
coated with a biocompatible cbatihg r in' accordance with the 
present invention as described in ' connebtion with 'the step 
or flow diagram as shown in Figure 5. 

The medical device 11 can be considered "'as being a 
foreign body which is to be implanted into the tissue of the 
human body. This foreign body hals a surface which is 
adapted to come in contact with the tissue of the human 



WO 97/27821 



PCT/US97/0118C , 



5 

bodys 2 The material whigh forms, the foreign body is one . 
which has been j selected)., in .accordance with the present 
invention which is capable of bjeing oxidized. They are made 
of suitable materials such as metal and plastic. Metals of ; 
particular interest are , stainless steel, .titanium and 
titanium alloys r .and- particularly ^ nickel titanium alloys. 
These materials, 5 have j been selected because they are 
biocompatible with; ^e^fclssjae o£ : r the human body. The 
devices ,haye; surfaces which : .are adopted to come in contact 
with the tissue of thei ^lj3jman bqdy and with which it is 
desired, to promote tissue ^growth „ The surfaces of such 
materials are A^^^^^^BF^fi^^^j^^^ capable^, of being 
OXidAzed.; ^ , ; : .,. 10 ± 3-ac \ * > . u :. > : 

In accordance with r .th$- present inventipn^ the, medical 
device 11 which is t^ be : treated in ^accordance w i^ h ttiB 
present invention has , any, .exi^tin^f oxide thereon removed as. 
shown by step 21. : ThiSf pxide 5 removal can, be accomplished in 
a conventional ttanner 0 5ugh^^ by rempving the same in an 
etching solutipn- ^Qri^ etjchincj splution found particularly 
suitable for, etcfcing^of .tji^anium and titanium alloys is, a 
mixture of 4% ? hydi*pf }upr4c acid, 30% nitric ?cid and ,15% 
sulfuric .aqid jwith the^jba^nce.^being water. . 

The medical devipg^ ^e c 5>lap.ed in the etching solutipn 
for a period ot-.-l t,Q v £ ; . ^minutes, ; utilizing ultrasound 
agitation^ , . , > . . At ter, ; th i^ j. w OKi£e .removal step has been 
completed, .the ja^^q^ from the 

etching, .splution ^^-..^^^^...^[1,^11 deionized water thiree 
successive .times yi^hoiat S4 ie^jpo^ing £he medical devices or 
parts to air or : oxygen to ^thereby , prevent the formation of 
a new oxide on .sur f faces., jOf ( . M .jtjb«..jp.arts- Although the 

etching solution, selected may .be varied, ..the particular 
etching solution identified, jBi^ve • h^s . . be/en found to be 
efficacious to remove .._,£be. o^ide withoutj creating pits in the 
metal* * j : _ , 

After the parts havebeen washed with deionized water , 
the par^s are introduced into a blanket of an inert 

atmosphere such as nitrogen gas in a hooded bench and are 

.***.•,■%".. ■".'.*»* •* .* * \ 1 

transferred into a saturated cystine solution. One solution 
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found to be satisfactory is one comprising of 50% acetic 
acid and water with some undissolved cystine* The parts ar'e 
left in the solution for a period of 8 to 12 hours at room 
temperature for shorter periods of time as for example 1/2 
hour to 2 hours at elevated temperatures as for example 
at 60°c. The 4 cystine solution which is- an'- organic coupling 
agent or linker is placed in contadt with the surface of the 
parts or in the case of the dental pbst in cdh tact with- the 
microspheres 17 carried^ by the cylindrical surf ace 16 to 
form an oxidative coupling with the ^surface is for example 
the surface -of*'"- the metal microspheres . ?The oxidative 
reaction forms a very thin layer :n Ss W'exaih^le ai monolayer 
having a thickness of approximately 2bAi Tn Figure 2, this 
layer is represented as an exaggerated^ layer 26 which covers 
the microspheres 17 . The oxidative- coupling which occurs : 
using the organic linker cystine occurs because the cystine 
has a disulfide bond and the sulfur acts as an oxidizing 
agent. At the same time it oxidizes, it binds itself to the 
metal which i in the case of titanium u " creates a titanium- 
sulfur covalent bond. ^ J'.iJ-JCi wr. .< 

It? * should * be appreciated that o^her organic linkers can 
be utilized in connection with 1 :r - tJfie ^present invention for 
oxidizing metals and also if6r :r - oxidizing polymers as 
hereinafter described. : Th4s%^ tJ oxidizers include organic 
peroxides, organic sulf oxide/ SulfShes and sulfonic acids. 
By placing the oxiaV-free %t ttttr£kl^' i ^ ?c ^fii!'' mediOal device or 
part in contact with the- drganxc^ linker , ifciier^ is formed an 
oxidative coupling as shown by stefi 28 ia Figuire 5. 

After the oxidative coupling has been formed / the parts 
can^ be removed from the cystine solution and rinsed with 
deionized water. There "is no longer need to keep the parts 
out of contact with air or 'oxygen because the oxidative 
reaction has already occurred during ; the formation of the 
oxidative coupling 28 represented by the layer 26 in 
Figure 2. u ' ■ 

Next a bioactive agent or groirth promoter is attached 
as shown by step 31 in Figure 5. This is accomplished by 
utilizing' an organic coupling agent. For example, one 
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commonly available , is ; EDC which . is .. :i (3rdimethyl > amino,;, 
proproyl) 3-ethyl carbodimide vrHCl m The purpose of this 
coupl ing agent is tp cause, the ,bioactive agent to become 
attached to the .surface :of , the foreign body by a reaction 
5 with the organic linker * ?t The reaction; can be any one of a 
number of types ; a?,, ffy example a condensation reaction, 
oxidative reaction^ a^ exchange reaction and a substitution 
reaction. In other ] wor^s # the bond ; is one which is formed 
by a reactive ^-^.unctiori ; ?i - t :Tbus a variety of organic reactions. 

10 can be used f result ing^f or example in an ester, ether or a, 
carbon-carbon j bond. ? . f #h t $|i ri , a11 unsaturated double bond, is 
present, a polyme^izati^ Reaction -may b% used, 
( . In step 31 in^ which tl>e s bioactiv^ ag<ent is attached, it 
is desirable to place/ i*i: /t}vi£ .spljation a small amount of a 

15 peptide which i^ ^ po^ a smaller chain 

1 ink than . . prpt<eins . :i fTox:> v example , a 15-amino acid long 
peptide can be utilized of r .the type disclosed in U.S. Patent- 
No. 5,354 f .736« , In ; ,$tep^ 31 shown : in Figure 5, it s is 
desirable that, the reajc£iv§ function arid ,t he peptide react 

20 together to form an amide bond. Thus, there can be provided 
an amino terminal :o bp^incL bioactiye ^gent or > a carboxyl 
terminal £ound bioact^ye ^^gen^ 

It .should be ^pp^ecia^ed that if, desired,, materials 
other, than growth pro^t|B^3 0 ca!>, be adhered to surface, in the, 

25 manner hereinbefore a de^pribed ^ , w For.: example Heparin, 
although not a , growth* prpraote^, , ? carv be adhered to the metal 
in a similar, method. v Th£s attachment of a bioactiye agent 
implemented % by step^ 31. is,.j represented ^ by the layer . -32. as 
shown in Figure 2. A ^ t a '. f{ , v , * - ( . . T . :/ , t , , A 

3 0 Step 31 can t>e r carrr^ietf , ,out r:; at jroom . temperature at a 

period of time ranging _f roipr\ . ■ 4 C ta 8 .hours and preferably 
about 6 hours. In.an eiev^ted temperature, as for example, 
60°jC, , the same reaction . can be accomplished in approximately. 

2 to 3 hours. 

3 5 In Figures 3 and 4 there are shown photographs taken 

with an. electron mijcrosqope of the medical device in the 
form of the,, dental post 11 which has been treated in 
accordance with the present invention. In Figure 3 there 
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has; been a spot magnification of 14 times and in Figure 4 a 
spot magnification of 49 times .1 The dental post after being 
subjected to the method hereinbefore described was placed' in' 
a tissue culture v having therein : <grown human osteoblast 
cells. The growth promoter used hacT a peptide identified as 
P15 produced in accordance with the teaching of U.S. Patent 
5,354,736. In a period of three days it was found that with 
the biocompatible coating applied -th accordance with the 
present invention , the ' cells -from the r tissue culture grew 
onto 1 the surf aces of the microspheres -S 1*7 : substantially as if 
they were in normal surroundings, 0 Thus the dells did 
proliferate all over the coated Surface indicating? the 
efficacy of the biocompatible- coasting * of the present- 
invention. This was c<bmpared to a similar uncoa ted medical" 
device placed in similar" tissue culture in which very few 
cells from the human osteoblast ^cills 1 adhered to the surface 
and hone adhered- where they were 'not in actual contact with 
the cells. • - ' ri iiV 

Another medical -device having a ^biocompatible coating 
thereon incorporating the preseht invention is shown iri 
Figure 6 in 7 the form of in expandable : &eformablti stent 3 6" in 
which the stent is formed by elongated^ elements 37 formed of 
a suitable biocompatible material- titanium, nickel 

titan ium ail cys ' a rid 1 ike as tier iiibef or e described which 
have diamond shaped- openings- IS 8 - between the same through 
which tissue can grow. It has been found desirable to coat 
these elements 37 wifth : a ^Mb^cdmpatible ' coating in 
accordance with the present inventiort. As shown in Figure 
7, a' crbss-^ectionai view 1 of by of the elements 37 has an 
outer surface 41, an inner surface 42 and end surfaces 43 
and 44, all of which ' are • coated with : k biocompatible coating 
45 of the present* invent ion. Thus there has been provided 
an organic linker represented by a layer 4 6 which forms ah 
oxidative coupling with the surf aces 41 , 42 , 43 and 44. A 
bibactive agent is bonded ' to the organic linker by a 
reaction function in the manner hereinbefore described and 
is represented by the layer 47. Thus it can be seen in 
connection with the present invention that all of the 
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exposed surfaces - of .the . stent 36, are .covered, with, the 
biocompatible coating of the present ; invention, to greatly 
promote the growth of endothelial c^lls ; on the same .after 
the stent has been implanted in a vessel of the human body 
to maintain the patency:, of a vessel ;in the, patient, as for 
example in an angioplasty procedure . ^ ; 

Another, embodiment r pf the invention --.is shown r in 
Figure : 8 in w^ich. ; the ^digal device 51 is in the form of a 
breast ; ^implant Typically - such breast implants have a 
flexible plastic envelopey §2 .formed of: a suitable material 
such as a. polyureth$me or ^a . polyester . The interior of the, 
envelope is f ^lled^with at suitable liquid 53 such as silicon 
or : a variety, of vegetable, oils, such ,as soy bean oil- The 
epvelope 52 , has ^an exjtjerio* surface se ^hich. is, adapted to 
b^ placed in • engagement: : w^hr. : the tissue of the human body. 
This exterior sur^ac^. J56, ^i? ..treated, in. the same manner as 
the exterior ^surfac^s ^ ..otf the metal _ medical devices 
hereinbefore described. The breast implant is dipped in a 
suitable oxidizing M agen;t suclf> } as an organic peroxide, for a 
suitable period of time ranging frrom a few minutes to an 
hpu^ depending upon n na^fe } of the, plastic and the 

reagent utilized^ Tpe^^fXe^Vj^ the r teeast; iniplant, can be : 
removed from the ox.i^i 2l^g- ^«nt ; andr ^ashe^d* with deionized 
water after which it i$ c pl^&d in, absolution of , the desired 
growth promoter along enhance the 
rate of reaction.. iTh\xs ( , ^ths, Qpupliing agent 5 and the growth 
promoter are placed Jjrt ,th^ : Sjame solution - so that they can 
coact in the solution c^v^r,^. suitable period of ;; time as for 
example 5 to , 6 hours t at fpom ; temperature • . At . e ley a ted 
temperatures the reaction ?: taK?ts place within a , few ; minutes 
to within an.^r,,, Ther^a^t^r, f:: _ the breast, implant can be 
removed from the solution washed, in. deionized water, dried 
and packaged for shipment f'or later.use. 

In connection with the nresent invention , it .can be 
seen that there ha? been provided a biocompatible coating on 
medical devices including , plastic and metal , devices. 
Although they are fpreign objects in the . human body, they 
may as a consequence of the biocompatible coating not be 



WO 97/27821 



PCT/US97/01186 



10 

recognized as foreign by the immune system and cell growth 
may be provided on the same by supplying a foundation for 
such cell growth • The medical devices on; which the present 
invention would be useful; . include _ the following : 
5 cardiovascular devices/; ^including implantable 

defibrillators; implantable defibrillator leads , : pacemakers 
and pacemaker leads, artificial.,, hear* .valves, LVAD's, 
stents, stent grafts; soft tissue implant; devices including 
implantable pumps , implantable- ; leads cochlear/ implants ., , 
10 implants for reconstructive surgery ,r ^urinary, incontinence - 
devices, penile and breast . implants!, ' and? surgical aids 
including sutures, a vascular occlusiohf devices and surgical 
supplies* 
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i . . ' i ; " i ;JZ; vr;. s i ■ >:• . t 

f 1. A medical device: >f or? cimplaLntation in the tissue of 
a human body having? a . - biocompatible coating thereon 
5 comprising a foreign body ~ formed of a material which is. 
substantially biocompatible /with thfe tissue of the: human 
body, said foreign body having: a surf ace.r adapted to come in 
contact with the tissue of —the' human body, said surface 
be i ng capable ; .of being ^bx Wi zed , said coating .including an 
10 organic -linker . carried, /oei said surface and forming an 
oxidative coupling 1 vith said surf ace and a bib&ctive agent 
bonded to the organic^ linJcer 1 by a reaction function. u 

2. A device as in Claim 1 wherein said organic linker 
15 is selected from the group consisting of cystines, organic 

peroxides, organic sulfone, sulfoxide and sulfonic acids* 

3. A device as in Claim 2 wherein said bioactive agent 
is selected from the group consisting of growth promoters, 

20 anti-thrombogenic agents, steroids, antibiotics, hormones 
and cytokines, 

4. A device as in Claim 3 wherein said bioactive 
agent includes a peptide. 

25 

5. A device as in Claim 4 wherein said peptide is in 
the form of a 15-amino acid long peptide. 

6. A device as in Claim 1 wherein said bioactive 
30 agent is bonded by a reaction function which includes one of 

the group of condensation, oxidative, exchange reaction and 
substitution reaction. 

7. A device as in Claim 1 wherein said device is 
35 formed of a metal which is substantially biocompatible with 

the human body* 
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J " t 8 . ' A device as in Claim 1 wherein said metal is 
selected frdm the group of ' stainless steel titanium and 
alloys of titanium* ' ^ ^ 

9. A device as H in Claim -1- wherein said device is a 
dental post* ^ : •.;.*... .-.::< • 

c i •.. '.or.; ;■!,:;■ ro ..,•'*:" • 

10. A device as in Claim 9 i Wherein said device is a 
stent . 

Hi 1 A device as in Cla'im ^ 1 -wherein sia id material is 

formed of plastic. - ~~ 4 ~ n *** - >b '-' : ; ' 1 r 

12. A device as in Claim 1 wherein said device is a 
15 breast implant. * :jvJ **' 

13. A method for coup'ling a * bioactive agent to a 
medical device having a biocompatible coating thereon 
implantable ks a foreign b6dy ih tlie tissue of the human 

20 body/ the medical device being f brmed bf a material 'which is 
substantially biocompatible with thW^ tissue of the human 
body and "having an dxidizable * su£f coming into contact 
with the tissue of the human body,' "comprising the steps of 
removing any oxide present on %iie' ^Urfcace of the device, 

25 placing ah organic ' bilker' in :: c^tafet "^ith the feurf abe to 
form an oxidative coupling with the surface and attaching a 
bioactive agent to the surface of the foreign body by a 
reaction witli the organic linked; 



30 
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14. A method as , in Claim 13 together with the step. of 
preventing an oxidizing • (atmpsphere . from contacting . the * 
surface after the oxide has been removed. . ■ r 

5 15. A method as, in Claim ; 14 whereiji said step of 

preventing an oxidizing atmosphere from contacting ,the 
surface after the oxide has been removed comprises bathing 
the medical .device in ^ejlonized , water. 

10 16. A method as in Claim 14 wherein said step of 

preventing an. pxid^zin^.. atmosphere from .contacting the 
surface after the oxide has been removed frpm the surface 
comprises bathing the medical device in an inert atmosphere. 

15 17. A method as in Claim 13 wherein said medical 

device is formed of metal and wherein the device is feathed 
in ah etching solution- to^ rempye jthe oxideVy . ^ . 

18. ; A methpd; as i^ .CXaim. - 17 wberein the device is t a 
20 metal device having a rn^tal ^urfaqe ^nd yherein said organic 

linker is cystine ahd f wherein the t medical device is; kept in 
contact, with the, cystine y^t^ room temperature for ;a period 
time ranging from *8,. ...to -"JL2 .,' hpurs or , at an elevated 
temperature of apprQxi^atjely 60°C for 1 to 1-1/2 hours to 
25 form a ppya^ent J?Qj}d bej^f^h^ the_pYs 3 tine^ .and the metal 
surface., , . . . . 

'" . * v - "-is ^cjai.'-* , .*s fi W Li. ^ 

19. A method as in Claim ^3 wherein the^ organic linker 

and the bioactive agent are both placed in contact with the 
30 surface at the same time to cause the oxidative coupling and 
the reaction with the organic linker to occur at the same 
time. 
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foreign body (I I) has a surface (16) adapted to come in contact 
with the tissue of the human body and is capable of being oxidized. 
The coating includes an orgatuc linker (26) wfiich is caired S 
surface (16) and forms an oxidative coupling with the surface (16). 
A bioactive agent (32) is bonded to the organic linker (26) by a 
chemical reaction or photochemical function. 
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MEDICAL DEVICE HAVING A BIOCOMPATIBLE COATING AND 
OXIDATION METHOD OP COUPLING THEREFOR 

This invention relates to a medical device having a 
biocompatible coating and oxidation method of coupling 
therefor and particularly for medical devices made of metal 
and plastic. 

Heretofore it has been found difficult to bind a 
bioactive molecule such as a peptide or a protein directly 
to the metal forming the medical device. One approach is to 
use a coating or a primer which when activated facilitates 
attachment of the bioactive molecule. Such primers have 
typically been in the form of polyurethane coatings or poly 
lactic acid or polyimide coatings. Such approaches have not 
been particularly satisfactory -for several reasons. Bonding 
between the metal and ^th^^primer . is not very strong and 
therefore there .is . ^SS^H^<itpf m ^tfy% bioactive agent A to 
flake off . The primer itself is formed of a material which 
may be less biocompatible than, the > metal device which has 
been implanted* There is therefore * need for a medical 
device having' a Biocompatible coating which overcomes these 
problems andVa method for accomplishing \ the same. > 

In general, 4t is an object of :the present invention to. 
provide s " a medical device ; haying , biocompatible coating 
thereon and an oxidation method, of coupling therefor. 
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Another ob j ect > of - the invention "is to provide a medical 
device and method of the above character in which the linker 
or base' for the biocompatible coating -is biocompatible. 

Another object of the invention is to provide a device 
and method of the above v character which utilizes the 
oxidation characteristics of the metal used in the medical 
device to covalently attaclv ah organic -linker to form an 
organic coupler. \n/ ~ 

Another object of the invention^ is " to provide a device 
and method of the above 5 character ^ in which the organic 
coupler is utilized f or attaching- thfe bioactive moleciile in 
the form of a peptide or a protein. 1 

Another object of the invehtiori is to provide a device 
and method of the above character in : Wliich the v biocompatible 
coating can be rapidly and anexpensively applied ; 

Another object of the invention is to provide a medical 
device and method of the above character including implantis 
formed of metal and of plastic^ ^: ^ - . 

Additional objects- and features ! of the invention will 
appear from the following description in which th6 preferred 
embodiments are set forth irv&t^il^irl connect ion with the 
accompanying drawings^ ''•• oc: * - :s 

Figure 1 is in - isotSefciric 5 Viev? of ^a c dehtal pbst in which 
the -base carries sintered ' £ titari^diu ,0 gl^buXes'^ 1 ■' ,J 

Figure ^' is a ; crdss L sectibnai^vi^w €aken along the 1 in et 
2-2 of Figure 1 : showing 1 the -'dental ti p6iit -af ter^ it tiak been 
treated in accordance with- this presieht invention to provide 
a biocompatible coating on the sintered titanium globules* 

Figure 3 is v a ' photograph taken with 1 an electron 
microscbpe showing the growth' '6f cells oh the base of the 
dental post after the base of the dental post has been 
treated in the method br the jpirWsen 
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Figure 4 is another, photograph taken with an electron 
microscope of the outer surface : ,©f the base shown in Figure 
3 showing the manner in which human- osteoblast cells have 
proliferated ,pn the, : globular r surf aces of- the globules 
carried by the base of the, dental post- 

Figure 5 is a rf low chart showing the principal steps in 
the method of the, present invent iqn .for., coating metals. 

Figure 6 is an isometric view of an expandable stent 
which has ; a biocompatible ^coating thereon applied in 
accordance with the present, invention, - 

figure . 7 is ; v a jGEpssrsepjtionaJ. yiew taken along the line 

7-7 of Figure 6. _ ., .... 

..v Figure % is a.^Pssrsectional view of a breast implant 
in which a . biocompatible, . ^pating . has u . been applied, in 
accordance with thej)r^nt,.^vention. ;> . . 

. Figure ^M,a..cross s $ec^] ! , / ^iew;.ta)cen along the line 
9-9 of Figure .8. v u : , u , e ,;. .■ . ..... 

In general, the medical deyi.ce is for implantation in 
tissue , 9 f . the human body . and, has : a biocompatible , coating 
thereon . comprised pf, ; a, , foreig^. body f ormed of a material 
whi - < r*l I? s\ibsta^iai.^ biocompatible .with. the >; tissue of the 
human body. The foreign body has a surf ace , adapted to come 
into contact ; .£ith L the..£is?s^e. ef ;the, -hunan body. The surface 
of the foreign body ,,4^ ^P^j^l^^pf^ bjeing .oxidized. An 
organic .coupling agent ^fajty^.qn, .fche.^e^f ace --and| forms 
an ?*i da %A ve >.? ou Pli?>g MhP* .ithe,,surf ace .,- x The. coupling agent 
also ca r^: ies a r reactive -group. , l{ A ;bioac^iye , agent is -bonded 
to the organic coupl ing 3 agent : by a chemica 1 , reaqt ion . .. , . 

...... In. general y. , the method -j.is- : for, ..coupling a bioactive 

agent tp a, medical device, ^..impUntable, as a foreign body in 
the. tissue of. the human,, body., T^e^ra^dipal device is formed 
of a material which is .substantially, biocompatible, with the 
tissue of the human body and has an oxidizable surface 
coming into contact with the tissue of the human body. The 
method comprises the steps of removing any oxide present on 
the surface bf the foreign body. Air or oxygen is then 
prevented from coming into contact with the surface of the 
body. An organic coupling agent is placed in contact with 
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the surface to ! f oim : an : oxidative coupling with the surface 
of the foreign body. A bidactive agent is attached to the 
surface of the' foreigh body by reaction with the organic 
coupling ag£nt . 

More* in particular , an exaiin^le of a medical device 
incorporating the present invention as "shown in Figures l 
and 2 and as shown therein is in thV form of a dental post 
11 which is provided with a cylindrical base 12 and a 
centrally disposed upstanding post 13 • The dental post 11 
is formed of a suitable biocompatible material such as 
tita;niura. The base 12 can' have a suitable size as for 
example a diameter of 1 to 2 miilime^ers and a height of 2 
to 3 millimeters whereas the post 13 can have a diameter 
ranging from .5 to 1 mUlitfetef alhd a height ranging from 5 
to 10 millimeters. The dental post thus far described is 
conventional and is utilized ' Ji t or* implantation in the human 
jaw. Typically V the tooth xs drilled to receive the 
cylindrical base 12 with the dental post li being utilized 
for supporting a false tooth which has been removed from the 
patient's mouth. In accordance with the present invention, 
it is desirable to coat the 'cylindrical ba?e 12 with a 
biocompatible coating sb as to promote 'bone tissue growth 
onto the cylindrical base 12 ; to^ thereby firmly secure the 
cylindrical base within the ' j^w c of the patient. The 
cylindrical base 12 is £rovid£d 1 with a ' cylindrical surface 
16 which' has sintered titdhium "microspheres or globules 
adhered to the surface in a conventional commercial process. 
The microspheres can nav^ a suitable diameter as for example 
1/2 of a millimeter arid less. "Described in another way, 
they can have a size of approximately one-half the size of 
a cbnveritional pin head. These microspheres 17 have been 
coated with a biocompatible coating in accordance with the 
present invention as described in connection with the step 
or flow diagram as shown in Figure 5. 

The medical device 11 can be considered as being a 
foreign body which is to be implanted into the tissue of the 
human body. This foreign body has a surface which is 
adapted to come in contact with the tissue of the human 
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body. The material which , -forms. the L , f oreign body , is one 
which has been selected .„ in r ^accordance with the present 
invention which is capable of being oxidized. They are made 
of suitable materials such as metal and plastic. Metals. of 
5 particular interest are stainless steel, titanium and 
titanium alloys and particularly nickel titanium- alloys . 
These materials . have, been selected because they are 
biocompatible with , the. tissue of the human body. The 
devices have surfaces which are adopted to come in contact 
10 with the tissue of the human body and with which it is 
desired to promote tissue growth, . The surfaces of such 
materials are also characterized as being capable of being 
oxidized. 

In accordance with^the present;, invention, the medical 
15 device 11 which is to, ^treated in accordance with the 
present invention has any ^xisting,. oxide thereon removed as 
shown by step 21. This 'oxijde removai can be accomplished in 
a conventional manner such. as : by removing the same^ in an 
etching solution. One etching solution found particularly 
20 suitable for etching ^..ti^n^^a^d. ..titanium alloys is a 
Mixture. of 4% ' hydrofluoric" ^^d # , „,30%, nitric acid and 15% 
sulfuric acid with the balance being water. 

* h t" m ^^ c ^ devi ^®%^^^ p f a . cec ^ in : the etching solution 
for a period, of l , to^ 5 "minutes u-tilizing ,-ultrasound 

25 agitation. * '/fLtjUr^. this ^^?^% fo^emoval ' step " has been 
completed, ^e^M^cajf; devices; or /parts are removed f rom the 
etching solution and rinsed with deionized water three 
successive times without exposing the medicaid devices . or 
parts » to air or oxygen; to thereby prevent the formation of 

30 a new oxide on the surfaces of ^hfc^piarts. , . Although . the 
etching solution selected ^.may^' be'/ varied, the particular 
etdhin 9 solu 5f on i 3 den tif ie< ? i above been -found to be 

efficacious to remove the oxide, without creating pilts in the 
metal. 

After the parts have "been washed with deionized water, 
the parts are introduced into a blanket of an inert 
atmosphere such' as nitrogen gas in a hooded bench and are 
transferred into a saturated cystine solution. One solution 
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found to be satisfactory is one comprising of 50% acetic " 
acid and water with some undissolved bystine. The parts are 
left in the solution for "a 1 period of 8 to 12 hours at room 
temperature for shorter perfods of time as for example 1/2 
hour to 2 hours at Elevated temperatures as for example 
at 60°C. The cystine solution which' i£ ' an organic coupling 
agent or linker is placed in cbntaict' with the 5 surface of the 
parts or in the 3j case of the dental post in Contact with the 
microspheres 17 carried fay the cylindrical surf ace 16 to 
form an oxidative coupling with tlie sbrifkce as for example 
the surface of the metal ^microspheres • The oxidative 
reaction forms a very 7 thih layer a^ { f6r example a monolayer 
having a thickness of a^pproximit^lV 20^^ in Figure 2, this 
layer is represented as an exaggerated' la^ef 2 6 which covers 
the microspheres 17. The ^iJiiative coupling which occurs 
using the organic linker cystine ^cciiris because the cystine 
has a disulfide c bond and the iviliur acts ais* an oxidizing 
agent. At the same time it oxidizes, it binds itself to the 
met^l whicH in the case "bf titkriium creates a titanium- 
sulfur covalent bond. ^ - 

-It should be appreciated tiiat! other organic linkers can 
be utilized in connection with thV present invention for 
oxidizing metals : and * l al6^ : ^ f^^S^iitfizing polymers as 
hereinaf ter described ; k r Thefste i ^xidlVers include organic 
peroxides , organic sulfoxide, ^ul^dnes arid sulfonic acids. 
By placing the oxidi£-free suifface^ot the ' medical device or 
part in contact witH the 'organic linker, there is formed an 
oxidative coupling as shown fyjf slep^8 in Figure 5. 

After the oxidative coupling has been formed/ the parts 
can be rembved from the cystine solution and rinsed with 
deiohized watexr. Thtere is no longer' need to keep the parts 
out of contadt with air "or oxygen because the oxidative 
reaction hais already bbcurrfed during the formation of the 
oxidative coupling 28 represented by the layer 26 in 
Figure 2 . 

Next a bioactive agent or growth promoter is attached 
as showh by step 31 in Figure 5. This is accomplished by 
utilizing an organic coupling agent/ For example, one 
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commonly available is J?DC which is ; (3~!dim,et:hyl amino 
proproyl) 3^-ethyl carbpdimide ? HC1; , The purpose of this 
coupling agent is to cause the ,bioactive agent to become 
attached to the surface, of the .foreign body by a reaction 
with the organic linker. The. reaction can, be any one of a 
number .of types as, for example a condensation .reaction, 
oxidative reaction, , an exchange reaction, and a substitution 
reaction. In other words ?; the bond, is one which is formed 
by a reactive function v ,^Thys..a variety, of organic reactions- 

ca " be u - e ^l ^^^Q&S?^??**®?-? * in i- an_ ester, ether or a 
carbon-carbon^ bond. , fl Wh,ejn.,an. unsaturated, double, bond is 
present, a poly^eripatioin,. reactipn may be used. 

In step 31. in which^ the r bipactiye, agent is attached, it 
is . desirable to place in % this ^solution a small amount of a 
peptide which is a polymeric,, material but of a smaller, chain 
link than proteins..". ..example ,, . a lS^amino . acid long> 

peptide can be ; utilized ^of the, type disclosed in ,U.S. r ,Patent 
No. 5,354,736. In . sjbep .. 3l r shown, in Figure 5,, ., it is 
desirable that the .react iv^ { function and the peptide react 
together to form an amide bond. Thus, there can be provided 
an amino terminal bound . bioactive agent or a carboxyl 
terminal bound bioactiye agent.,,... 

.... zt . fhould be • ape^f/Siate^ ~tha% - if •. .desired./ materials, 
otJ *er ^han growth promoters, can ^adhered ; to surf ace in the 

manner ; here inp ^^ or % , ; ' ■ > p £ S i ei fample,. . Heparin , , 

a 1 ^ 11 . not a growth promoter v can be, adhered to the metal , 
xn a similar method. This attachment .p^ a , bioactive , agent 
implemented by step 31 /is represented by the . layer 32 as 
shown in Figure 2. 

Ste .P 2 } can °e carried r qpfe at room temperature at a 
Period of time . ranging/ from.' 4" t? 8 / hours and preferably 
about 6 hours. in an e leva ted temperature as for/example, 
60°c, the same^ reaction can',^>c^iiip r lished/in approximately 
2 to 3 hours. . - - 

35 In Figures 3 and 4 there are shown photographs taken 

with an electron microscope of the medical device in the 
form of the dental post li which, has been treated in 
accordance with the present invention. In Figure 3 there 
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has been a spot magnification of v{ i,4^ tiroes and in Figure 4 a.y 
spot magnificat ion of 4.9 times., ,,yheLdental post after being o 
subjected tp the method hereinbef pre described was placed in 
a tissue culture having, therein^ grown : human osteoblast 
cells. The growth promoter used had a peptide identified as 
P15 produced in accordance with, the teaching . of U. S. Patent 
5 , 354 , 736. In a period of three- days it was found that with 
the biocompatible coating applied, in accordance with the 
present > invention , • the cells , from the tissue culture grew 
onto the surf aces of the microspheres 17, substantially as if 
they were in normal surroundings. # A Thus . the cells did, 
proliferate all over the coated r s^irf a^ce indicating the 
efficacy of , the biocompatible; r coating?, , of the present 
invention. This was ; compared .,tp-j a similar ^uncoated medical 
device placed in. similar tissues culture in .which : very few 
cells- from the human ostepblast<:cellsc adhered, to the surface 
and none adhered where £hey were no* in actual contact with 
the cells. ' : .- x j-. * rfT .iz-:^:. 

Another medical /device having a biocompatible coating 
thereon incorporating the present invention is shown in 
Figure 6 in the form of an expandable deforraablei stent 36 in 
which the stent is formed ■? by elongated- elements 3*7 formed of 
a suitable biocompatible materia^ suchvats titanium, nickel 
titanium alloys oand ■: like- as rheiceinbef ore ^described which 
have diamond shaped open ingsj:;3Be between a the same through 
which tissue can gr.oV-> > Jaeen^fountdi desirable to coat 

these elements 37 with ^a biocompatible coating in 
accordance with the present invention .v c As shown in Figure 
7, a cross-sectional ; view : of one of the elements 37 ^ has an 
outer ? surf ace 41, an inner surf ace 42 and end -surfaces 43 
and 44 , all of ^ which ; are coatfed with* av biocompatible coating 
45 of the present invention. Thus there has been provided 
an organic linker represented by a layer 46 which forms an 
oxidative coupling . with the surfaces 41, 42, 43 and 44. A 
bioactive agent isr bonded to the organic linker » by a 
reaction function in the manner hereinbefore described and 
is represented by the layer 47. Thus it can be seen in 
connection with the present' invention that all of the 
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exposed surfaces of the f stent 36 are covered with the 
biocompatible coating of -the* present ; invention to greatly 
promote the growth of endothelial cells on' the same after' 
the stent has been implanted' in a vessel of the human body 
to maintain the patency of a vessel in the patient, as for 
example in an angioplasty- -procedure. 

U Another embodiment- x of ? the invention is shown in 
Figure 8 in which the medical device 51 is in the form of a 
breast implant. Typically such breast implants have a 
flexible plastic envelope 52- formed of a suitable material 
such as a polyurethane or a polyester. The interior of the 
envelope is filled with suitable liquid 53 such as silicon 
or a variety of vegetable?' oils such as' soy bean oil. The 
envelope 521 has an. exterior surface 56 which is adapted to 
be placed in engagement, with", the: tissue bf the* human body .; 
This exterior surf acex 56~ is' rtreated' in the same manner as 
the exterior • surfaces of the metal -^medical- devices 
hereinbefore described. The breast implant is dipped in a 
suitable oxidizing agent such as an organic peroxide for a 
suitable period of time/ ranging -from: a few minutes to an 
hour depending./ upon: , the nature of the' plastic and the 
reagent utilized. - Thereafter the> (breast implant can be 
removed: from, the; oxidizing* 'agent and washed with deionized ; 
water, after which it- isSpXaeedain a« solution of v the- desired - 
growth promoter along »xf&«h»? other ( reagents to-. enhance the 
rate, of reaction. Thus ^ithe^coup ling agentr^and the growth 
promoter are placed in the - same solut ion so that , they can 
coact in the solution over; a suitable period of : time as for 
example 5 to 6 hours at room temperature. At elevated 
temperatures the reaction takes cp lace within a- few minutes 
to within an hour. r. Thereafter /-itheobreast . implant can be 
removed from the solution' washed in- da ionized- water, dried 
and packaged for shipment. ; for -later. ruse. ' , 

In connection with the present invention, it can be 
seen that there has been, provided a .biocompatible coating on 
medical devices including .;« plastic and metal devices. 
Although they are foreign objects, in the human body.,, they 
may as a consequence , of the biocompatible coating not be 
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recognized as foreign by the immune system and cell growth v 
may be provided on the same by supplying a foundation for 
such cell growth. The medical devices on which the present 
invention would be ^useful include the following: 
cardiovascular devices , -including implantable 

defibrillators, implantable defibrillator leads , pacemakers 
and pacemaker leads , artificial -'heart valvesV LVAD 1 s , 
stents , stent grafts, soft tissue implant devices including 
implantable; pumps, implantable leadls, *. cochlear implants/ 
implants for .reconstructive siirgery, urinary incontinence 
devices, penile and breast implant s , aiid -surgical 7 aids 
including sutures/- vascular occlusfofi' devices and surgical 
supplies. 
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CLAIMS , > :r;.i V ;r . .: 

1- A medical device for implantation in the tissue of 
a human body having a biocompatible coating thereon 
comprising a foreign body- formed of a material ; which is 
substantially biocompatible ,with the tissue of the human 
body, said foreign, body having a surface adapted to come in 
contact with. the. tissue, of the human body r said surface 
being p^pable of i?eing p^idized,, said cqating including an 
organic linker carried on,, said surface and .forming an 
oxidative coupling* with surface and a bioactive agent 
bonded to the organic, linker ;by -..a reaction function. 

2. A device as in Claim 1 wherein said organic linker 
is selected from the group consisting of cystines, organic 
peroxides, organic sulfone, sulfoxide and sulfonic acids. 

3. A device as in Claim 2 wherein said bioactive agent 
is selected from the group consisting of growth promoters, 
anti-thrombogenic agents, steroids, antibiotics, hormones 
and cytokines. 

4. A device as in Claim 3 wherein said bioactive 
agent includes a peptide. 

5. A device as in Claim 4 wherein said peptide is in 
the form of a 15-amino acid long peptide. 

6. A device as in Claim l wherein said bioactive 
agent is bonded by a reaction function which includes one of 
the group of condensation, oxidative, exchange reaction and 
substitution reaction. 

7. A device as in Claim l wherein said device is 
formed of a metal which is substantially biocompatible with 
the human body. 
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8. A device as in Claim 7 - wherein said metal is 
selected from the. group of stainless steel titanium and 
alloys of titanium. 

t 9. A device as in Claim 1 wherein said device is a 
dental post.- a '<>~ : * * * x 

10. A device as in Claim 1 wherein said device is a 
stent. 



11. A device as in Claim 1 wherein said material is 
formed of .plastic. ^>>.d ... 

12. A device as in Claim 1 wherein said device is a 
breast implant. e \-"'v , '3 'w. 

13. A method for coupling - r aF r bibactiVe agent to a 
medical device having a biocompatible coating thereon 
implantable as a foreign body in' %hfe tissue of the human 
body, the, medical device being^f bribed o^ a material which is 
substantially biocompatible with fch& s ¥i"ssuTe' of the human 
body and^having an oxidizable surf ^6e" coming into contact 
with the tissue of the human l>bdy £ / : comprising the steps 1 of 
removing any oxide present r * on %he^ ^siiaffafc*' of the device, 
placing an btganic inker itt a -cofi£&et " r ir ittf 4 the surf ace to 
form an oxidative coupling with the surface and attaching a 
bioactive agent to the surface of the foreign body by a 
reaction with thd organic linker. v L : ~ % 
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14. A method as in . Claim 13 - together ;with the step of 
preventing an oxidizing . atmosphere from contacting the 
surface after the oxide has been removed. r 

15. A method as : in : Claim, 14 wherein said step of 
preventing an oxidizing atmosphere from contacting the 
surface after the oxide has been removed comprises bathing 
the medical de^vice in de ionized water. 

16. A method as in Claim 14 wherein said step of 
preventing , .an oxidi^ingv. a,tmp i sphere / from contacting the 
surface after the oxide has been removed from the surface 
comprises bathing the medical device in an inert atmosphere. 

17. A method as in Claim 13 wherein said medical- 
device is formed of metal and wherein the device is bathed 

in an e;tch;Lng . soliitiion. tp^ reinoye ■ the. Qxi(3e:, cc ;.t . 

A 8 * A .method, as in ^JLaim^ 17 wherein , the .device' is; a 
metals device having a metal surf ace, and .wherein said organic 
linker cystine and wherein the medical device is kept in . 
contact with t^he ?yst^e & at 5 r 9 9m. v teinpeFature ,for a, period' 
time ranging from. r £.,£a.... ; 1 2,. f , hours-, or ,. ; at= an elevated , 
temperature o£ ■ *ppr9»Xj^^y 0 SP°9.o^m-s%-^ l-X/2 hours to 
form a ?ovalent . bond ^ betwe^n^.^he •- cystine .and.- the .metal-., 
surface. 

■ x . . :->.-ij5 r.~> y .3 r:vi^ :s:.i r. J • • «. r ■ .". r .■'.:>..•;.;•.. . 

• ■ ■_•:„•}" ?i .'to «r -*i ;: : . '»..=;■. .• • r. :'~ ■ 

19. A method as in Claim 13., wherein the* organic /linker 
and the bioactive agent are both placed in contact with the 
surface at the same time to cause the oxidative coupling and 
the reaction with the organic linker to occur at the same 
time.. 
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